15 



Appendix A 

Hardware Description in the Verilog language of a coder for coding data 
with the minimum pulse width of 2 sample periods and a maximum period between 
transitions of 22 sample periods. 



//- 

// 
// 
// 



file: coder 16B24B.V 



10 // this is model of 16 to 24 bits encoder. 
// 
// 

// revision history: 
// 

15 // 14/08/2003 initial release, (ia) 



//- 



module CODER ( 







D, 










// 


20 




Q); 










// 




input 


[7:0] 


D; 












output 


[11:0] 


Q; 










25 


reg 


[11:0] 


Q; 












always 


@ (D) case (D) 














8'hOO 


: begin Q 


<= 


12 


•bOOOOOOOOOOOO; 


end 






8'hOl 


: begin Q 


<= 


12 


'blOOOOOOOOOOO; 


end 


30 




8'h02 


: begin Q 


<= 


12 


'bll0000000000; 


end 






8'h03 


: begin Q 


<= 


12 


'bOHOOOOOOOOO; 


end 






8'h04 


: begin Q 


<= 


12 


•blllOOOOOOOOO; 


end 






8'h05 


: begin Q 


<= 


12'bOOllOOOOOOOO; 


end 






8'h06 


: begin Q 


<= 


12 


•bOlllOOOOOOOO; 


end 


35 




8'h07 


: begin Q 


<= 


12 


•bllllOOOOOOOO; 


end 






8'h08 


: begin Q 


<= 


12^000110000000; 


end 






8'h09 


: begin Q 


<= 


12 


'blOOHOOOOOOO; 


end 






8'hOA 


: begin Q 


<= 


12 


'bOOlllOOOOOOO; 


end 






8'hOB 


: begin Q <= 


12 


'bOllllOOOOOOO; 


end 
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8 'hOC 


: begin 


Q 


<= 


12 


blllllOOOOOOO; 


end 


8'hOD 


: begin 


Q 


<= 


12'bOOOOllOOOOOO; 


end 


8 f hOE 


: begin 


Q 


<= 


12'blOOOllOOOOOO; 


end 


8'hOF 


: begin 


Q 


<= 


12 


bllOOHOOOOOO; 


end 


8'hlO 


: begin 


Q 


<= 


12'bOOOlllOOOOOO; 


end 


8 'hll 


: begin 


Q 


<= 


12 


blOOlllOOOOOO; 


end 


8 'hl2 


: begin 


Q 


<= 


12 


bOOllllOOOOOO; 


end 


8 'hl3 


: begin 


Q 


<= 


12'bOlllllOOOOOO; 


end 


8 'hl4 


: begin 


Q 


<= 


12'bllllll000000; 


end 


8'hl5 


: begin 


Q 


<= 


12'b000001100000; 


end 


8 ? hl6 


: begin 


Q 


<= 


12 


•blOOOOHOOOOO; 


end 


8 f hl7 


: begin 


Q 


<= 


12 


'bllOOOHOOOOO; 


end 


8 'hl8 


: begin 


Q 


<= 


12 


bOHOOHOOOOO; 


end 


8 'hl9 


: begin 


Q 


<= 


12 


blllOOHOOOOO; 


end 


8 *hlA 


: begin 


Q 


<= 


12 


bOOOOlllOOOOO; 


end 


8 'hlB 


: begin 


Q 


<= 


12'blOOOlllOOOOO; 


end 


8 'hlC 


: begin 


Q 


<= 


12 


•bllOOlllOOOOO; 


end 


8 'hlD 


: begin 


Q 


<= 


12 


bOOOllllOOOOO; 


end 


8 'hlE 


: begin 


Q 


<= 


12 


'blOOllllOOOOO; 


end 


8 'hlF 


: begin 


Q 


<= 


12 


'bOOlllllOOOOO; 


end 


8 'h20 


: begin 


Q 


<= 


12 


bOllllllOOOOO; 


end 


8 'h21 


: begin 


Q 


<= 


12 


•blllllllOOOOO; 


end 


8 'h22 


: begin 


Q 


<= 


12 


'bOOOOOOllOOOO; 


end 


8 'h23 


: begin 


Q 


<= 


12 


'blOOOOOHOOOO; 


end 


8 'h24 


: begin 


Q 


<= 


12 


•bllOOOOHOOOO; 


end 


8 ' h25 


: begin 


Q 


<= 


12 


'bOHOOOHOOOO; 


end 


8'h26 


: begin 


Q 


<= 


12 


•blllOOOHOOOO; 


end 


8 'h27 


: begin 


Q 


<= 


12 


'bOOHOOHOOOO; 


end 


8'h28 


: begin 


Q 


<= 


12 


•bOlllOOHOOOO; 


end 


8 'h29 


: begin 


Q 


<= 


12 


•bllllOOHOOOO; 


end 


8 r h2A 


: begin 


Q 


<= 


12 


'bOOOOOlllOOOO; 


end 


8 ' h2B 


: begin 


Q 


<= 


12 


•blOOOOlllOOOO; 


end 




i begin 




— 
^ — 


12'bllOOOlllOOOO; 


end 


8 'h2D 


: begin 


Q 


<= 


12'bOllOOlllOOOO; 


end 


8'h2E 


: begin 


Q 


<= 


12'blllOOlllOOOO; 


end 


8'h2F 


: begin 


Q 


<= 


12'bOOOOllllOOOO; 


end 


8'h30 


: begin 


Q 


<= 


12 


'blOOOllllOOOO; 


end 


8'h31 


: begin 


Q 


<= 


12 


'bllOOllllOOOO; 


end 


8'h32 


: begin 


Q 


<= 


12 


'bOOOlllllOOOO; 


end 
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8 


•h33 


: begin 


Q 


<= 


12'blOOlllllOOOO; 


end 


8 


'h34 


: begin 


Q 


<= 


12^001111110000; 


end 


8 


f h35 


: begin 


Q 


<= 


12'bOlllllllOOOO; 


end 


8 


'h36 


: begin 


Q 


<= 


12^111111110000; 


end 


8 


'h37 


: begin 


Q 


<= 


12'b000000011000; 


end 


8 


•h38 


: begin 


Q 


<= 


12'blOOOOOOllOOO; 


end 


8 


•h39 


: begin 


Q 


<= 


12 f bll0000011000; 


end 


8 


'h3A 


: begin 


Q 


<= 


12'bOllOOOOllOOO; 


end 


8 


'h3B 


: begin 


Q 


<= 


12'blll000011000; 


end 


8 


'h3C 


: begin 


Q 


<= 


12'b001100011000; 


end 


8'h3D 


: begin 


Q 


<= 


12'bOlllOOOllOOO; 


end 


8 


'h3E 


: begin 


Q 


<= 


12'bllllOOOllOOO; 


end 


8'h3F 


: begin 


Q 


<= 


12'bOOOllOOllOOO; 


end 


8 


'h40 


: begin 


Q 


<= 


12'blOOllOOllOOO; 


end 


8 


•h41 


: begin 


Q 


<= 


12'bOOlllOOllOOO; 


end 


8 


f h42 


: begin 


Q 


<= 


12'bOllllOOllOOO; 


end 


8 


'h43 


: begin 


Q 


<= 


12 r blllll0011000; 


end 


8'h44 


: begin 


Q 


<= 


12'b000000111000; 


end 


8'h45 


: begin 


Q 


<= 


12'blOOOOOlllOOO; 


end 


8 


f h46 


: begin 


Q 


<= 


12'bll0000111000; 


end 


8 


•h47 


: begin 


Q 


<= 


12'bOllOOOlllOOO; 


end 


8 


'h48 


: begin 


Q 


<= 


12'blllOOOlllOOO; 


end 


8 


'h49 


: begin 


Q 


<= 


12'bOOllOOlllOOO; 


end 


8 


'h4A 


: begin 


Q 


<= 


12'bOlllOOlllOOO; 


end 


8 'h4B 


: begin 


Q 


<= 


12'bllllOOlllOOO; 


end 


8 


'h4C 


: begin 


Q 


<= 


12'bOOOOOllllOOO; 


end 


8 


'h4D 


: begin 


Q 


<= 


12'bl00001111000; 


end 


8 


f h4E 


: begin 


Q 


<=r 


12'bllOOOllllOOO; 


end 


8 


'h4F 


: begin 


Q 


<= 


12 ? b011001111000; 


end 


8'h50 


: begin 


Q 


< = 


12'blll001111000; 


end 


8 


f h51 


; begin 


Q 


<= 


12'bOOOOlllllOOO; 


end 


8'h52 


: begin 


Q 


< = 


12'blOOOlllllOOO; 


end 


8 'h53 


: begin 


Q 


< = 


12'bllOOlllllOOO; 


end 


8 


'h54 


: begin 


Q 


< = 


12'bOOOllllllOOO; 


end 


8 


'h55 


: begin 


Q 


<= 


12 f bl00111111000; 


end 


8 


'h56 


: begin 


Q 


<= 


12'bOOlllllllOOO; 


end 


8 


'h57 


: begin 


Q 


<= 


12'b011111111000; 


end 


8'h58 


: begin 


Q 


< = 


12'blllllllll000; 


end 


8 


•h59 


: begin 


Q 


< = 


12'bOOOOOOOOllOO; 


end 
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8'h5A 


: begin 


Q 


<= 


12 


blOOOOOOOHOO; 


end 


8'h5B 


: begin 


Q 


<= 


12^110000001100; 


end 


8'h5C 


: begin 


Q 


<= 


12'bOllOOOOOllOO; 


end 


8'h5D 


: begin 


Q 


<= 


12'blllOOOOOllOO; 


end 


8'h5E 


: begin 


Q 


<= 


12 


bOOHOOOOHOO; 


end 


8'h5F 


: begin 


Q 


<= 


12 


bOlllOOOOHOO; 


end 


8'h60 


: begin 


Q 


<= 


12 


bllllOOOOHOO; 


end 


8'h61 


: begin 


Q 


<= 


12 


bOOOHOOOHOO; 


end 


8 ? h62 


: begin 


Q 


<= 


12 


blOOHOOOHOO; 


end 


8'h63 


: begin 


Q 


<= 


12 


bOOlllOOOHOO; 


end 


8'h64 


: begin 


Q 


<= 


12 


bOllllOOOHOO; 


end 


8'h65 


: begin 


Q 


<= 


12 


blllllOOOHOO; 


end 


8'h66 


: begin 


Q 


<= 


12 


'bOOOOHOOHOO; 


end 


8'h67 


: begin 


Q 


<= 


12 


blOOOHOOHOO; 


end 


8'h68 


: begin 


Q 


<= 


12 


bllOOHOOHOO; 


end 


8 ? h69 


: begin 


Q 


<= 


12 


bOOOlllOOHOO; 


end 


8'h6A 


: begin 


Q 


<- 


12 


blOOlllOOHOO; 


end 


8'h6B 


: begin 


Q 


<= 


12 


•bOOllllOOHOO; 


end 


8'h6C 


: begin 


Q 




12 


•bOlllllOOllOO; 


end 


8'h6D 


: begin 


Q 


<= 


12 


■bllllllOOHOO; 


end 


8'h6E 


: begin 


Q 


<= 


12 


•bOOOOOOOlllOO; 


end 


8'h6F 


: begin 


Q 


<= 


12 


•blOOOOOOlllOO; 


end 


8'h70 


: begin 


Q 


<= 


12 


'bllOOOOOlllOO; 


end 


8'h71 


: begin 


Q 


<= 


12 


'bOllOOOOlllOO; 


end 


8'h72 


: begin 


Q 


<= 


12'blllQOOOlllOO; 


end 


8'h73 


: begin 


Q 


<= 


12 f b001100011100; 


end 


8'h74 


: begin 


Q 


<= 


12 


'bOlllOOOlllOO; 


end 


8 ? h75 


: begin 


Q 


<= 


12 


•bllllOOOlllOO; 


end 


8'h76 


: begin 


Q 




12 


'bOOOHOOlllOO; 


end 


8'h77 


: begin 


Q 


<= 


12 


'blOOllOOlllOO; 


end 


8 f h78 


: begin 


Q 


<= 


12'bOOlllOOlllOO; 


end 


8'h79 


: begin 


Q 


<= 


12 


'bOllllOOlllOO; 


end 


8'h7A 


: begin 


Q 


<= 


12'blllllOOlllOO; 


end 


8'h7B 


: begin 


Q 


<= 


12 f b000000111100; 


end 


8'h7C 


: begin 


Q 


<= 


12 


'blOOOOOllllOO; 


end 


8'h7D 


: begin 


Q 


<= 


12 


'bllOOOOllllOO; 


end 


8 f h7E 


: begin 


Q 


<= 


12 


'bOllOOOllllOO; 


end 


8'h7F 


: begin 


Q 


<= 


12 


'blllOOOllllOO; 


end 


8'h80 


: begin 


Q 


<= 


12 


'bOOllOOllllOO; 


end 
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8'h81 


: begin 


Q 


<= 


12^011100111100; 


end 


8'h82 


: begin 


Q 


<= 


12'bllllOOllllOO; 


end 


8'h83 


: begin 


Q 


<= 


12'bOOOOOlllllOO; 


end 


8'h84 


: begin 


Q 


<= 


12'blOOOOlllllOO; 


end 


8'h85 


: begin 


Q 


<= 


12'bllOOOlllllOO; 


end 


8 r h86 


: begin 


Q 


<= 


12'b011001111100; 


end 


8 f h87 


: begin 


Q 


<= 


12'blll001111100; 


end 


8'h88 


: begin 


Q 


<= 


12^000011111100; 


end 


8'h89 


: begin 


Q 


<= 


12'blOOOllllllOO; 


end 


8'h8A 


: begin 


Q 


<= 


12^110011111100; 


end 


8'h8B 


: begin 


Q 


<= 


12'bOOOlllllllOO; 


end 


8'h8C 


: begin 


Q 


<= 


12'blOOlllllllOO; 


end 


8'h8D 


: begin 


Q 


<= 


12'b0O1111111100; 


end 


8'h8E 


: begin 


Q 


<= 


12'bOlllllllllOO; 


end 


8'h8F 


: begin 


Q 


<= 


12'bllllllllllOO; 


end 


8'h90 


: begin 


Q 


<= 


12'bOOOOOOOOOllO; 


end 


8'h91 


: begin 


Q 


<= 


12 f bl00000000110; 


end 


8'h92 


: begin 


Q 


<= 


12'bll0000000110; 


end 


8'h93 


; begin 


Q 


<= 


12'bOllOOOOOOllO; 


end 


8'h94 


: begin 


Q 


<= 


12'blllOOOOOOllO; 


end 


8'h95 


: begin 


Q 


<= 


12'b001100000110; 


end 


8'h96 


: begin 


Q 


<= 


12'bOlllOOOOOllO; 


end 


8 f h97 


: begin 


Q 


<= 


12'bllllOOOOOllO; 


end 


8'h98 


: begin 


Q 


<= 


12'bOOOllOOOOllO; 


end 


8'h99 


: begin 


Q 


<= 


12'blOOllOOOOllO; 


end 


8'h9A 


: begin 


Q 


<= 


12*b001110000110; 


end 


8 f h9B 


: begin 


Q 


<= 


12'bOllllOOOOllO; 


end 


8 ? h9C 


: begin 


Q 


<= 


12'blllllOOOOllO; 


end 


8'h9D 


: begin 


Q 


<= 


12'bOOOOllOOOllO; 


end 


8'h9E 


: begin 


Q 


<= 


12'blOOOllOOOllO; 


end 


8'h9F 


: begin 


Q 


<= 


12'bll0011000110; 


end 


8 'hAO 


: begin 


Q 


<= 


12'bOOOlllOOOllO; 


end 


8 ' hAl 


: begin 


o 


<= 


12 'blOOlllOOOHO; 


end 


8 f hA2 


: begin 


Q 


<= 


12'bOOllllOOOllO; 


end 


8'hA3 


: begin 


Q 


<= 


12'bOlllllOOOllO; 


end 


8'hA4 


: begin 


Q 


<= 


12'billlll000110; 


end 


8'hA5 


: begin 


Q 


<= 


12'b000001100110; 


end 


8'hA6 


: begin 


Q 


<= 


12'bl00001100110; 


end 


8'hA7 


: begin 


Q 


<= 


12'bllOOOllOOllO; 


end 
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8'hA8 
8'hA9 
8'hAA 
8'hAB 
8'hAC 
8'hAD 
8'hAE 
8'hAF 
8'hBO 
8'hBl 
8'hB2 
8'hB3 
8'hB4 
8'hB5 
8'hB6 
8'hB7 
8'hB8 
8'hB9 
8'hBA 
8'hBB 
8 f hBC 
8'hBD 
8'hBE 
8 ? hBF 
8'hCO 
8'hCl 
8 f hC2 
8 f hC3 
8'hC4 
8'hC5 
8'hC6 
8'hC7 
8'hC8 
8'hC9 
8'hCA 
8'hCB 
8'hCC 
8'hCD 
8'hCE 



begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <— 
begin Q <= 
begin Q <~ 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <— 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 



12'bOllOOllOOllO 
12'blllOOllOOllO 
12'bOOOOlllOOllO 
12'blOOOlllOOllO 
12'bllOOlllOOllO 
12'bOOOllllOOllO 
12'blOOllllOOllO 
12'bOOlllllOOllO 
12'bOllllllOOllO 
12^111111100110 
12'b000000001110 
12'bl00000001110 
12'bllOOOOOOlllO 
12'bOllOOOOOlllO 
12'blllOOOOOlllO 
12'b001100001110 
12 f b011100001110 
12'bllllOOOOlllO 
12'bOOOllOOOlllO 
12'blOOllOOOlllO 
12'bOOlllOOOlllO 
12'b011110001110 
12'blllllOOOlllO 
12'b000011001110 
12'blOOOllOOlllO 
12'bllOOllOOlllO 
12'bOOOlllOOlllO 
12'bl00111001110 
12'bOOllllOOlllO 
12^011111001110 
12'bllllllOOlllO 
12'bOOOOOOOllllO 
12'blOOOOOOllllO 
12'bllOOOOOllllO 
12'bOllOOOOllllO 
12'blllOOOOllllO 
12'bOOllOOOllllO 
12'bOlllOOOllllO 
12^111100011110 



end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
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endcase 
30 endmodule 



8'hCF 


begin Q 


<= 


12'b000110011110; 


end 


8'hD0 


begin Q 


<= 


12'blOOllOOllllO; 


end 


8'hDl 


begin Q 


<= 


12'bOOlllOOllllO; 


end 


8'hD2 


begin Q 


<= 


12'b011110011110; 


end 


8'hD3 


begin Q 


<= 


12'blllllOOllllO; 


end 


8'hD4 


begin Q 


<= 


12'b000000111110; 


end 


8'hD5 


begin Q 


<= 


12'bl00000111110/ 


end 


8'hD6 


begin Q 


<= 


12'bll0000111110; 


end 


8'hD7 


. begin Q 


<= 


12^011000111110; 


end 


8'hD8 


: begin Q 


<= 


12'blllOOOlllllO; 


end 


8'hD9 


. begin Q 


<= 


12'b001100111110; 


end 


8'hDA 


: begin Q 


<= 


12^011100111110; 


end 


8'hDB 


: begin Q 


<= 


12^111100111110; 


end 


8'hDC 


: begin Q 


<= 


12 ? b000001111110; 


end 


8'hDD 


: begin Q 


<= 


12 f bl00001111110; 


end 


8'hDE 


: begin Q 


<= 


12'bllOOOllllllO; 


end 


8'hDF 


: begin Q 


<= 


12'bOllOOllllllO; 


end 


8'hEO 


: begin Q 


<= 


12'blll001111110; 


end 


8 'hEl 


: begin Q 


<= 


12'bOOOOlllllllO; 


end 


8'hE2 


: begin Q 


<= 


12'blOOOlllllllO; 


end 


8'hE3 


: begin Q 


<= 


12'bllOOlllllllO; 


end 


8'hE4 


: begin Q 


<= 


12'bOOOllllllllO; 


end 


8 f hE5 


: begin Q 


<= 


12'bl00111111110; 


end 


8 f hE6 


: begin Q 


<= 


12'b001111111110; 


end 


8'hE7 


: begin Q 


<= 


12^011111111110; 


end 


8'hE8 


: begin Q 


<= 


12'blllllllllll0; 


end 


default 


: begin Q 


<= 


12'hxxx; end 





module CODER_16B24B ( 
DA, 
DB, 

35 p, 

Q) ; 

input [8:0] DA; 
input [8:0] DB; 



// Data in lane A 
// Data in lane B 
// Polarity 
// data output 

// {CMD,AH, AG,AF, AE,AD, AC, AB,AA} lane A 
// {CMD, BH, BG, BF, BE, BD, BC, BB, BA} lane B 
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input P; // 

output [23:0] Q; // B{ 1, k, j , h, g, f , i, e, d, c,b, a } Ml l k l j,h l g ( £,i,.,d,c,b,a) 





reg 




[23:0] Q; 


5 


















// internal signals: 










10 


wire 




va; 




wire 




VU f 




wire 




[ 1 1 : U J qa , 




wire 




[ 1 1 : u J op , 




wire 




[5:0] ra; 


15 


wire 




[5:0] rb; 




reg 




[7:0] sa; 




reg 




[7:0] sb; 


20 


reg 




[23:0] qr; 










// code: 














assign 


va = 


DA >= 232; 


25 


assign 


vb = 


DB >= 232; 




assign 


ra = 


DA - 232; 




assign 


rb - 


DB - 232; 



always @{DA or DB or va or vb) begin 
30 if (va) begin 

sa <= [ra,DB[l:0] }; 
sb <= {DB[8:2] ,1'bO}; 

end 

else if (vb) begin 
35 sa <= {rb, DA[1:0] }; 

sb <= (DA[8:2] ,1'bl}; 

end 

else begin 

sa <- DA[7:0] + 1; 
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sb <= DB[7:0] + 1; 

end 

end 

CODER CA(.D(sa), .Q(qa)); 
CODER CB(.D(sb), .Q(qb)); 



always @ (qa or qb or va or vb) qr <- {{12{(va 1 I vb) -qa [0] } Pqb qa [0] , 
always @(P or qr) Q <= {24 {P*qr [0] } rqr; 



endmodule 
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Appendix B 

Hardware Description in the Verilog language of a decoder for coding data 
with the minimum pulse width of 2 sample periods and a maximum period between 
transitions of 22 sample periods. 

// 

// 

// file: decoder_16B24B. v 
// 

// this is model of 24 to 16 bits decoder. 

// 

// 

// revision history: 
// 

// 14/08/2003 initial release, (ia) 

// 

module DECODER ( 

D, // Data in 

Q) ; // data output 

input [11:0] D; 
output [7:0] Q; 

reg [7:0] Q; 

always @ (D) case (D) 

12'b000000000000 
12'bl00000000000 
12'bllOOOOOOOOOO 
12'b011000000000 
12'blllOOOOOOOOO 
12'bOOllOOOOOOOO 
12'bOlllOOOOOOOO 
12'bllllOOOOOOOO 
12'bOOOllOOOOOOO 
12'blOOllOOOOOOO 
12'b001110000000 



begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 



8'hOO; end 

8*h01; end 

8 f h02; end 

8'h03; end 

8'h04; end 

8'h05; end 

8'h06; end 

8'h07; end 

8'h08; end 

8'h09; end 

8'hOA; end 
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10 



15 



20 



25 



30 



35 



12'bOllllOOOOOOO 
12'blllllOOOOOOO 
12'bOOOOllOOOOOO 
12'blOOOllOOOOOO 
12'bllOOllOOOOOO 
12'b000111000000 
12'blOOlllOOOOOO 
12'bOOllllOOOOOO 
12'bOlllllOOOOOO 
12'bllllll000000 
12'bOOOOOllOOOOO 
12'blOOOOllOOOOO 
12 f bll0001100000 
12'bOllOOllOOOOO 
12'blll001100000 
12'b000011100000 
12'bl00011100000 
12'bllOOlllOOOOO 
12'bOOOllllOOOOO 
12'blOOllllOOOOO 
12'bOOlllllOOOOO 
12'bOllllllOOOOO 
12'blllllllOOOOO 
12'bOOOOOOllOOOO 
12'bl00000110000 
12'bllOOOOllOOOO 
12'bOllOOOllOOOO 
12'blllOOOllOOOO 
12'bOOllOOllOOOO 
12'bOlllOOllOOOO 
12'bllllOOllOOOO 
12'b000001110000 
12'blOOOOlllOOOO 
12'bllOOOlllOOOO 
12'bOllOOlllOOOO 
12'blllOOlllOOOO 
12'bOOOOllllOOOO 
12'blOOOllllOOOO 
12'bll0011110000 



begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 
begin Q <= 



8'hOB; 
8' hoe- 
s' hOD; 
8'hOE; 
8'hOF; 
8 r hl0; 
8'hll; 
8 f hl2; 
8'hl3; 
8'hl4, 
8'hl5; 
8'hl6; 
8'hl7; 
8'hl8; 
8 'hl9; 
8 'hlA; 
8'hlB; 
8 'hlC; 
8 f hlD; 
8'hlE; 
8'hlF; 
8'h20; 
8'h21, 
8'h22; 
8'h23; 
8'h24, 
8'h25; 
8'h26; 
8'h27; 
8'h28; 
8'h29; 
8'h2A; 
8'h2B; 
8'h2C; 
8'h2D; 
8 f h2E; 
8'h2F; 
8'h30; 
8'h31; 
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12'b000111110000 
12'blOOlllllOOOO 
12'bOOllllllOOOO 
12'b011111110000 
5 12'bllllllllOOOO 
12'bOOOOOOOllOOO 
12'blOOOOOOllOOO 
12'bllOOOOOllOOO 
12'bOllOOOOllOOO 

10 12'blllOOOOllOOO 
12'bOOllOOOllOOO 
12'bOlllOOOllOOO 
12'bllll00011000 
12'b000110011000 

15 12'blOOllOOllOOO 
12'bOOlllOOllOOO 
12 f b011110011000 
12'blllllOOllOOO 
12'bOOOOOOlllOOO 

20 12 f bl00000111000 
12'bllOOOOlllOOO 
12'bOllOOOlllOOO 
12'blllOOOlllOOO 
12 , b001100111000 

25 12^011100111000 

12'bllllOOlllOOO 
12'bOOOOOllllOOO 
12'bl00001111000 
12 'bllOOOllllOOO 
30 12'bOllOOllllOOO 
12'blllOOllllOOO 
12'bOOOOlllllOOO 
12 'blOOOlllllOOO 
12'bllOOlllllOOO 

35 12^000111111000 

12^100111111000 
12^001111111000 
12'b011111111000 
12^111111111000 
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begin 


Q 


<= 


8'h32; 


end 


begin 


Q 


<= 


8'h33; 


end 


begin 


Q 


<= 


8'h34; 


end 


begin 


Q 


<= 


8'h35; 


end 


begin 


Q 


<= 


8'h36; 


end 


begin 


Q 


<= 


8'h37; 


end 


begin 


Q 


<= 


8'h38; 


end 


begin 


Q 


<= 


8'h39; 


end 


begin 


Q 


<- 


8'h3A; 


end 


begin 


Q 


<= 


8'h3B; 


end 


begin 


Q 


<= 


8'h3C; 


end 


begin 


Q 


<= 


8'h3D; 


end 


• begin 


Q 


<= 


8*h3E; 


end 


. begin 


Q 


<= 


8'h3F; 


end 


begin 


Q 


<= 


8'h40; 


end 


begin 


Q 


<= 


8'h41; 


end 


• begin 


Q 


<= 


8 'h42; 


end 


begin 


Q 


<= 


8'h43; 


end 


. begin 


Q 


<= 


8'h44; 


end 


begin 


Q 


<= 


8'h45; 


end 


- begin 


Q 


<= 


8'h46; 


end 


: begin 


Q 


<= 


8'h47; 


end 


. begin 


Q 


<= 


8'h48; 


end 


begin 


Q 


<= 


8'h49; 


end 


• begin 


Q 


<= 


8 'h4A; 


end 


: begin 


Q 


<= 


8'h4B; 


end 


: begin 


Q 


<= 


8'h4C; 


end 


begin 


Q 


<= 


8 f h4D; 


end 


• begin 


Q 


<= 


8'h4E; 


end 


: begin 


Q 


<= 


8'h4F; 


end 


. begin 


Q 


<= 


8'h50; 


end 


begin 


Q 


<= 


8'h51; 


end 


• begin 


Q 


<= 


8'h52; 


end 


: begin 


Q 


<= 


8'h53; 


end 


: begin 


Q 


<= 


8'h54; 


end 


: begin 


Q 


<= 


8'h55; 


end 


: begin 


Q 


<= 


8'h56; 


end 


: begin 


Q 




8'h57; 


end 


: begin 


Q 


<- 


8'h58; 


end 
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12'b000000001100 
12'blOOOOOOOllOO 
12'bllOOOOOOllOO 
12'bOllOOOOOllOO 
5 12*blll000001100 
12'bOOllOOOOllOO 
12'b011100001100 
12'bllllOOOOllOO 
12'bOOOllOOOllOO 

10 12'bl00110001100 
12'bOOlllOOOllOO 
12'bOllllOOOllOO 
12»blllll0001100 
12'b000011001100 

15 12'blOOOllOOllOO 
12'bllOOllOOllOO 
12'bOOOlllOOllOO 
12'blOOlllOOllOO 
12'bOOllllOOllOO 

20 12'b011111001100 
12 f bllllll001100 
12'b000000011100 
12'bl00000011100 
12'bllOOOOOlllOO 

25 12'bOllOOOOlllOO 
12'blllOOOOlllOO 
12'bOOllOOOlllOO 
12 f b011100011100 
12'bllllOOOlllOO 

30 12'b000110011100 
12'blOOllOOlllOO 
12'bOOlllOOlllOO 
12'bOllllOOlllOO 
12'blllllOOlllOO 

35 12'b000000111100 
12'blOOOOOllllOO 
12'bll0000111100 
12'bOllOOOllllOO 
12'blll000111100 
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begin 


Q 


<= 


8'h59; 


end 


begin 


Q 


<= 


8 ' h5A; 


end 


begin 


Q 


<= 


8'h5B; 


end 


begin 


Q 


<= 


8'h5C; 


end 


begin 


Q 


<= 


8'h5D; 


end 


begin 


Q 


<= 


8'h5E; 


end 


begin 


Q 


<= 


8'h5F; 


end 


begin 


Q 


<= 


8'h60; 


end 


begin 


Q 


<= 


8'h61; 


end 


begin 


Q 


<= 


8'h62; 


end 


begin 


Q 


o 


8'h63; 


end 


begin 


Q 


<= 


8'h64; 


end 


begin 


Q 


<= 


8'h65; 


end 


begin 


Q 


<= 


8'h66; 


end 


begin 


Q 


<= 


8'h67; 


end 


begin 


Q 


<= 


8'h68; 


end 


begin 


Q 


<= 


8'h69; 


end 


begin 


Q 


<= 


8'h6A; 


end 


begin 


Q 


<= 


8'h6B; 


end 


begin 


Q 


<= 


8 1 bee- 


end 


begin 


Q 


<= 


s' h6D; 


end 


begin 


Q 


<= 


8'h6E; 


end 


begin 


Q 


<= 


8'h6F; 


end 


begin 


Q 


<= 


8'h70; 


end 


begin 


Q 


<= 


8'h71; 


end 


begin 


Q 


<= 


8'h72; 


end 


begin 


Q 


<= 


8'h73; 


end 


begin 


Q 


<= 


8'h74; 


end 


begin 


G 


<= 


8'h75; 


end 


begin 


Q 


<= 


8'h76; 


end 


begin 


Q 


<= 


8'h77; 


end 


begin 


Q 


<= 


8'h78; 


end 


: begin 


Q 


<= 


8'h79; 


end 


: begin 


Q 


<= 


8'h7A; 


end 


: begin 


Q 


<= 


8'h7B; 


end 


: begin 


Q 


<= 


8'h7C; 


end 


: begin 


Q 


<= 


8*h7D; 


end 


: begin 


Q 


<= 


8'h7E; 


end 


: begin 


Q 


<= 


8'h7F; 


end 
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12'b001100111100 
12'bOlllOOllllOO 
12^111100111100 
12'bOOOOOlllllOO 
5 12'blOOOOlllllOO 
12*bll0001111100 
12 , b011001111100 
12'blll001111100 
12'bOOOOllllllOO 

10 12'blOOOllllllOO 
12'bll0011111100 
12'bOOOlllllllOO 
12'bl00111111100 
12^001111111100 

15 12^011111111100 
12'bllllllllllOO 
12'bOOOOOOOOOllO 
12'blOOOOOOOOllO 
12'bllOOOOOOOllO 

20 12'bOllOOOOOOllO 
12'blllOOOOOOllO 
12'bOOllOOOOOllO 
12 f b011100000110 
12'bllllOOOOOllO 

25 12'bOOOllOOOOllO 
12^100110000110 
12'bOOlllOOOOllO 
12'bOllllOOOOllO 
12'blllllOOOOllO 

30 12'b000011000110 
12'bl00011000110 
12 f bll0011000110 
12^000111000110 
12'blOOlllOOOllO 

35 12'bOOllllOOOllO 
12'bOlllllOOOllO 
12 'bllllllOOOHO 
12 f b000001100110 
12'blOOOOllOOllO 



: begin 


Q 


<= 


8'h80; 


end 


: begin 


Q 


<= 


8'h81; 


end 


begin 


Q 


<= 


8'h82; 


end 


: begin 


Q 


<= 


8'h83; 


end 


: begin 


Q 


<= 


8'h84; 


end 


: begin 


Q 


<= 


8'h85; 


end 


: begin 


Q 


<= 


8'h86; 


end 


begin 


Q 


<= 


8'h87; 


end 


: begin 


Q 


<= 


8'h88; 


end 


: begin 


Q 


<= 


8'h89; 


end 


: begin 


Q 


<= 


8 ' h8A; 


end 


: begin 


Q 


<= 


8'h8B; 


end 


: begin 


Q 


<= 


8'h8C; 


end 


: begin 


Q 


<= 


8'h8D; 


end 


: begin 


Q 


<= 


8 'h8E; 


end 


: begin 


Q 


<= 


8 'h8F; 


end 


: begin 


Q 


<= 


8'h90; 


end 


: begin 


Q 


<= 


8'h91; 


end 


: begin 


Q 


<= 


8'h92; 


end 


: begin 


Q 


<= 


8'h93; 


end 


: begin 


Q 


<= 


8'h94; 


end 


: begin 


Q 


<= 


8'h95; 


end 


: begin 


Q 


<= 


8'h96; 


end 


: begin 


Q 


<= 


8 f h97; 


end 


: begin 


Q 


<= 


8'h98; 


end 


: begin 


Q 


<= 


8 f h99; 


end 


: begin 


Q 


<= 


8 ' h9A; 


end 


: begin 


Q 


<= 


8'h9B; 


end 


: begin 


Q 


<= 


8'h9C; 


end 


: begin 


Q 


<= 


8*h9D; 


end 


: begin 


Q 


<= 


8'h9E; 


end 


: begin 


Q 


<= 


8'h9F; 


end 


: begin 


Q 


<= 


8'hAO; 


end 


: begin 


Q 


<= 


8'hAl; 


end 


: begin 


Q 


<= 


8'hA2; 


end 


: begin 


Q 


<= 


8'hA3; 


end 


: begin 


Q 


<= 


8'hA4; 


end 


: begin 


Q 


<= 


8'hA5; 


end 


: begin 


Q 


<= 


8'hA6; 


end 
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12 


■bllOOOllOOllO 


: begin 


Q 


<= 


8 


•hA7; 


end 


12 


'bOllOOHOOllO 


: begin 


Q 


<= 


8*hA8; 


end 


12 


'blllOOllOOllO 


: begin 


Q 


<= 


8 


'hA9; 


end 


12 


'bOOOOlllOOllO 


: begin 


Q 


<= 


8 


f hAA; 


end 


12 


'blOOOlllOOllO 


: begin 


Q 


<= 


8 1 hAB; 


end 


12 


'bllOOlllOOHO 


: begin 


Q 


<= 


8 


'hAC; 


end 


12'bOOOllllOOllO 


: begin 


Q 


<= 


8 


'hAD; 


end 


12 


•blOOllllOOHO 


: begin 


Q 


<= 


8 


f hAE; 


end 


12 


'bOOlllllOOllO 


: begin 


Q 


<= 


8 ' hAF; 


end 


12 


'bOllllllOOllO 


: begin 


Q 


<= 


8 


'hBO; 


end 


12 


•blllllllOOHO 


: begin 


Q 


<= 


8 


'hBl; 


end 


12 


'bOOOOOOOOlllO 


: begin 


Q 


<= 


8 f hB2; 


end 


12 


'blOOOOOOOlllO 


: begin 


Q 


<= 


8 


f hB3; 


end 


12 


•bllOOOOOOlllO 


: begin 


Q 


<= 


8 


'hB4; 


end 


12 


'bOHOOOOOlllO 


: begin 


Q 


<= 


8 


'hB5; 


end 


12 


•blllOOOOOlllO 


: begin 


Q 


<= 


8 


f hB6; 


end 


12'bOOllOOOOlllO 


: begin 


G 


<= 


8 


'hB7; 


end 


12 


'bOlllOOOOlllO 


: begin 


Q 


<= 


8 


*hB8; 


end 


12 


'bllllOOOOlllO 


: begin 


Q 


<= 


8 


f hB9; 


end 


12 


'bOOOHOOOlllO 


: begin 


Q 


<= 


8 


' hBA; 


end 


12 


■blOOllOOOlllO 


: begin 


Q 


<= 


8 


' hBB; 


end 


12 


'bOOlllOOOlllO 


: begin 


Q 


<= 


8 


'hBC; 


end 


12 


'bOllllOOOlllO 


: begin 


Q 


<= 


8 


f hBD; 


end 


12 


f blllll0001110 


: begin 


Q 


<= 


8'hBE; 


end 


12 


f b000011001110 


: begin 


Q 


<= 


8 


' hBF; 


end 


12 


'blOOOHOOlllO 


: begin 


Q 


<= 


8 


? hC0; 


end 


12 


•bllOOHOOlllO 


: begin 


Q 


<= 


8 


'hCl; 


end 


12 


'bOOOlllOOlllO 


: begin 


Q 


<= 


8 


'hC2; 


end 


12 


'blOOlllOOlllO 


: begin 


Q 


<= 


8 


•hC3; 


end 


12 


'bOOllllOOlllO 


: begin 


Q 


<= 


8 


*hC4; 


end 


12 


'bOlllllOOlllO 


: begin 


Q 


<= 


8 


'hC5; 


end 


12 


f bllllll001110 


: begin 


Q 


<= 


8 


'hC6; 


end 


12 


f b000000011110 


: begin 


Q 


<= 


8 


*hC7; 


end 


12 


'blOOOOOOllllO 


: begin 


Q 


<= 


8 


'hC8; 


end 


12 


'bllOOOOOllllO 


: begin 


Q 


<= 


8'hC9; 


end 


12 


'bOllOOOOllllO 


: begin 


Q 


<= 


8 


' hCA; 


end 


12 


'blllOOOOllllO 


: begin 


Q 


<= 


8 


*hCB; 


end 


12 


'bOOHOOOllllO 


: begin 


Q 


<= 


8 


'hCC; 


end 


12 


'bOlllOOOllllO 


: begin 


Q 


<= 


8'hCD; 


end 
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10 



15 



20 



25 



12 


bllllOOOllllO 


: begin Q 


<= 


8'hCE; 


end 


12 


bOOOHOOllllO 


: begin Q 


<= 


8'hCF; 


end 


12 


blOOHOOllllO 


: begin Q 


<= 


8'hDO; 


end 


12 


bOOlllOOllllO 


: begin Q 


<= 


8'hDl; 


end 


12 


bOllllOOllllO 


: begin Q 


<= 


8 f hD2; 


end 


12 


blllllOOllllO 


: begin Q 


<= 


8'hD3; 


end 


12 


bOOOOOOlllllO 


: begin Q 


<= 


8 ' hD4 ; 


end 


12 


blOOOOOlllllO 


: begin Q 


<= 


8'hD5; 


end 


12 


'bllOOOOlllllO 


: begin Q 


<= 


8'hD6; 


end 


12 


'bOllOOOlllllO 


: begin Q 


<= 


8 ' hD7 ; 


end 


12 


'blllOOOlllllO 


: begin Q 


<= 


8 ' hD8 ; 


end 


12 


bOOllOOlllllO 


: begin Q 


<= 


8'hD9; 


end 


12 


•bOlllOOlllllO 


: begin Q 


<= 


8 f hDA; 


end 


12 


•bllllOOlllllO 


: begin Q 


<= 


8'hDB; 


end 


12 


•bOOOOOllllllO 


: begin Q 


<= 


8'hDC; 


end 


12 


'blOOOOllllllO 


: begin Q 


<= 


8'hDD; 


end 


12 


'bllOOOllllUO 


: begin Q 


<= 


8'hDE; 


end 


12 


'bOllOOllllllO 


: begin Q 


<= 


8 ' hDF; 


end 


12 


•blllOOllllllO 


: begin Q 


<= 


8'hEO; 


end 


12 


'bOOOOlllllllO 


: begin Q 


<= 


8 f hEl; 


end 


12 


'blOOOlllllllO 


: begin Q 


<= 


8 ! hE2; 


end 


12 


•bllOOlllllllO 


: begin Q 


<= 


8 f hE3; 


end 


12 


'bOOOllllllllO 


: begin Q 


<= 


8 1 hE4 ; 


end 


12 


•blOOllllllllO 


: begin Q 


<= 


8'hE5; 


end 


12 


'bOOlllllllllO 


: begin Q 


<= 


8'hE6; 


end 


12'bOllllllllllO 


: begin Q 


<= 


8 ' hE7 ; 


end 


12 


'blllllllllllO 


: begin Q 


<= 


S'hES; 


end 


default : begin Q 


<= 8 f hxx; end 
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endcase 



endmodule 
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module DECODER_16B24B ( 
D, 
QA, 
QB) ; 



// Data in 

// data output lane A 
// data output lane B 



input [23:0] D; 
output [8:0] QA; 



// B{l,k, j,h,g,f,i,e,d,c,b,a} A{1, k, j, h, g, f , i, e,d, c,b, a} 
// {CMD,AH,AG,AF,AE,AD,AC,AB,AA} lane A 
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output [8:0] QB; // {CMD, AH, AG, AF, AE, AD, AC, AB, AA} lane B 

reg [8:0] QA; 

reg [8:0] QB; 

// 

// internal signals: 

// 

wire [8:0] s; 

wire [11:0] sa; 

wire [11:0] sb; 

wire [7:0] qwa; 

wire [7:0] qwb; 

wire [7:0] qwa_l; 

wire [7:0] qwb_l ; 



// 

// code: 
// 



assign s = qwa [7: 2] + 232; 

assign sa = { 12 { D [ 11] } } A { D [ 0] , D [ 1] , D [2] , D [3] , D [ 4 ] , D [5] , D [ 6] , D [7 ] , D [8 ] , D [ 9] , 
D[10] ,D[11] }; 

assign sb = { 12 { D [12] } } A D [23 : 12] ; 
assign qwa_l = qwa - 1; 
assign qwb_l = qwb - 1; 



DECODER DCA(.D(sa), .Q(qwa)); 
DECODER DCB(.D(sb) r .Q(qwb)); 

always @ (D or qwa or qwb) begin 
if {D[12]"D[11] ) begin 
if {qwb[0]) begin 

QA <= {qwb[7:l] ,qwa[l:0] }; 
QB <= s; 

end 

else begin 

QB <= {qwb[7:l] ,qwa[l:0] }; 
QA <= s; 
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end 

end 

else begin 

QA <= { 1 1 bO , qwa_l } ; 
5 QB <= {l'bO,qwb_l}; 

end 

end 

endmodule 
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